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A GTPase module controls growth-site selection in
budding yeast cells. The GDP–GTP exchange factor of
this module, Bud5, has now been localized to sites of
cell division and shown to interact with a
transmembrane protein that marks these sites. 
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In response to different signals virtually all cells become
asymmetric. Such signals dictate the site for cellular reor-
ganization which is typically regulated by small GTPases.
Bud-site selection in yeast provides an accessible system
for investigating the processes that control cell polarity and
asymmetric division. A GTPase module consisting of the
Ras-like GTPase Bud1/Rsr1 [1], its GDP–GTP exchange
factor (GEF) Bud5 [2,3], and its GTPase activating protein
(GAP) Bud2 [4], has been shown to be crucial for correct
growth site selection in yeast. Two recent studies [5,6] —
one published recently in Current Biology [6] — have estab-
lished that Bud5 localizes to the sites of cell division and
interacts with a transmembrane protein that marks such
sites. The results suggest that G-protein exchange factors
such as Bud5 may be commonly used to link cellular
spatial landmarks with proteins that control cytoskeletal
organization.
Yeast cells divide by budding in either of two different
spatial patterns, depending on cell type (Figure 1) [7–9].
Haploid cells (a or α) bud in an axial pattern, in which the
site for division is immediately adjacent to the previous
site. Diploid cells (a/α) follow a bipolar pattern for budding,
whereby mother and daughter cells bud at their poles. A
number of proteins that are required for these budding pat-
terns are thought to make up either the axial and bipolar
cortical markers. The transient axial landmark is made up
of proteins, including Bud3, Bud4 and Bud10/Axl2, which
are specifically required for the axial budding pattern
[10–15]. Bud8 and Bud9 are the most likely candidates for
the persistent bipolar landmark, as loss of either of these
proteins results in a unipolar budding pattern, with bud8
cells budding proximally and bud9 cells distally [16–18].
The Bud1 GTPase module is necessary for both axial and
bipolar budding patterns [1–3,10]. This module has been
proposed to transduce the spatial signals from both axial
and bipolar landmarks to another GTPase module, consist-
ing of the G-protein Cdc42, its GEF Cdc24 and additional
proteins, which is essential for directing the cytoskeleton
Figure 1
Axial and bipolar budding patterns of yeast .
The birth scar (brown) is the point at which
the daughter cell was originally attached to its
mother, and the bud scar (blue) is the position
of the previous bud. In the bipolar budding
pattern of diploid cells, the daughter cell
typically buds distal to the division site,
whereas the mother buds at either pole.
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towards the bud site [19,20]. Surprisingly, Bud1 has a
uniform plasma membrane distribution, raising the possi-
bility that local activation of Bud1 occurs via specific tar-
geting of its GEF and GAP [21].
A Bud5–GFP fusion protein has now been used to examine
the localization of this Bud1 exchange factor in different
cell types and various budding mutants [5,6]. Both groups
independently observed that Bud5 localized to a patch in
cells about to form a bud; subsequently, Bud5 was observed
on the periphery of small buds (Figure 2). As buds enlarged,
Bud5 localized to a double ring which encircled the
mother–bud neck. Upon cell division, this double ring split,
resulting in a single ring marking the division site in both
mother and daughter cells. As the cells began to bud again,
a new patch was observed at the presumptive bud site,
adjacent to the previous bud scar in the mother cell.
An important issue is whether the Bud5 ring at the division
site in a newly divided cell disappears prior to Bud5 local-
ization at the new bud site. In some instances, Bud5 was
observed both at the division site — the remnant of split
double ring — and adjacent to it, at the newly forming bud
site. This is consistent with the idea that Bud5 is recruited
to the presumptive bud site. In a diploid cell, Bud5 local-
izes to the poles of the cell. Interestingly, Bud5 was seen at
the birth scar throughout the cell cycle. Bud5 localized to
the periphery of small buds and, further into the cell cycle,
it was observed at the bud tip, bud neck and mother cell
birth scar.
The localizations of Bud5 [5,6] and Bud2 [22] in haploid and
diploid cells match the budding patterns in these cells, and
are reminiscent of the positions of the cortical landmarks.
Consistent with the idea that Bud5 must be correctly local-
ized for proper bud-site selection, mislocalization of Bud5
by overexpression resulted in a substantial randomization of
the budding pattern [5]. It is difficult, however, to know
whether this effect on bud-site selection is due to incorrect
localization of Bud5 or to a general increase in cellular
exchange factor activity. If Bud5 is localized by axial and
bipolar landmarks, then mutant forms of the protein that are
specifically defective in either axial or bipolar budding pat-
terns should localize incorrectly in haploid or diploid cells,
respectively. This is exactly what Kang et al. [5] found when
they looked at the localization of a mutant Bud5 defective
only in the bipolar budding pattern. While this mutant
protein localized as a patch in small diploid buds, it became
delocalized as cells progressed through the cell cycle, sug-
gesting that it was unable to recognize bipolar landmarks.
Examination of the effect of various bud-site selection
mutations on Bud5 localization in haploid or diploid cells
suggests that the location of this exchange factor depends
on axial and bipolar cortical landmarks [5,6]. In haploid
cells, bud10/axl2 mutations were found to have the most
dramatic effect on Bud5 localization. In bud10/axl2 cells,
Bud5 was found at both cell poles, while the double ring
normally observed at the mother–daughter bud neck was
largely absent. While deletion of bud3 or bud4 also altered
the localization pattern of Bud5, their effects were weaker. 
In diploid cells, Bud8 is required for bud formation distal
to the birth scar, and in bud8 cells Bud5 was observed only
at the pole proximal to the birth scar. In contrast, bud9
cells bud entirely at their distal pole; surprisingly, Bud5
localized to both the proximal and distal poles in unbud-
ded bud9 cells, suggesting that Bud9 is not required for
this initial proximal pole targeting. Subsequently, in bud9
cells with larger buds, Bud5 was not seen at the proximal
pole, indicating that Bud9 is necessary for maintaining
Bud5 at this pole. Loss of Rax2, which is required for the
maintenance of the bipolar budding pattern [16], resulted
in unbudded cells with Bud5 localized to only the birth
pole. In cells with larger buds, Bud5 localization to the
birth pole was lost, consistent with the proposed function
of Rax2 in maintaining the pole landmarks.
These results indicate that Bud5 is localized to axial
cortical landmarks via an interaction with Bud10/Axl2,
and to the bipolar distal landmark via an interaction with
Bud8. Both of these proteins are integral membrane pro-
teins, with the former having one transmembrane domain
Figure 2
Localization of Bud5 (red) and Bud2 (green) during the haploid cell
cycle. (Adapted from [6].) Bud scars are shown in blue. As Bud5 and
Bud2 have not been localized in the same cells, the precise details of
their colocalization are speculative.
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[13,14] and the latter two transmembrane domains [17].
Bud10/Axl2 has a cytoplasmic domain of about 300 amino
acids, while Bud8 has a cytoplasmic loop of around 40
amino acids. Kang et al. [5] found that Bud5 co-immuno-
precipitated with Bud10/Axl2 from yeast extracts, and fur-
thermore that the cytoplasmic tail of Bud10/Axl2 bound
Bud5. Surprisingly, this interaction was observed in diploid
as well as haploid cells. Perhaps additional interactions of
Bud5 with Bud8 are necessary for targeting of Bud5 to the
distal pole in a diploid cell.
It is curious that the discrete localizations of Bud5 and
Bud2 are not disrupted in strains lacking components of
this GTPase module [6,22]. Indeed, both of these Bud1
regulators were found to localize to the birth scar in such
unbudded mutant cells, though they were subsequently
observed at the new emerging bud which occurred at a
random position. These results suggest that Bud2 and
Bud5 associate independently with axial and bipolar corti-
cal landmarks, emphasizing the importance of both the
activation and inactivation of the Bud1 GTPase.
It will be important in future to determine the localization
of Bud5 and Bud2 in the same cell, and carefully examine
whether the patch and ring localizations of these two
proteins are maintained throughout the cell cycle. It is
likely that immuno-electron microscopy will be required
to determine if these two proteins are in distinct struc-
tures. One possibility is that Bud5 and Bud2 localize
sequentially, with Bud5 appearing first at the bud scar,
resulting in a burst of GTP-bound Bud1. Subsequent
localization of Bud2 to this structure would serve to inacti-
vate, or limit, this pool of active Bud1. 
Another possibility is that Bud5 and Bud2 are not precisely
co-localized at the birth scar, but rather form concentric rings
that result in a local high concentration of Bud1 in the GTP-
bound form, the boundary of which is restricted by the GAP
activity of Bud2. As the bud enlarges, Bud2 would also act to
restrict Bud1–GTP to the developing bud, and subsequently
ensure that there are two populations of Bud1–GTP, one
in the mother cell and one in the daughter cell. Just before
cytokinesis, the Bud2 ring at the mother–daughter bud neck
disappears, perhaps circumventing the problem of divid-
ing this structure between two progeny. 
Irrespective of the spatial and temporal details of Bud2
and Bud5 localization, the exchange factor for Cdc42,
Cdc24, binds Bud1–GTP, whereas Bem1 binds Bud1–GDP
[19,20]. Hence, the local activation of Bud1 via specific
targeting of Bud2 and Bud5 is likely to be critical for local-
izing the Cdc42 GTPase module to cortical landmarks,
and perhaps also for activating this GTPase. Elucidating
the precise molecular mechanisms of how cortical markers
localize and regulate the activity of G-protein modules will
be crucial for our understanding of how spatial information
is propagated and translated into local growth or movement.
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